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Abstract 

Tmo metabolites of the carcinogenic tobacco-specific 
nitrosamine 4-(methylnitrosamino)-l-(3-pyridyll-l- 
butanone were quantilled in the urine of smokeless 
tobacco users. The metabolites are 4-(methvlnitrosamino)- 
l-i3-pyridyl)-l-butanol (NNAL) and (4-tmethyl- 
nitrosaminoi-I-t3-pyridyl|bul-l-ylJ'(?-(3-D-glucosiduronic 
acid <NNAL-G1 uc). The study population consisted of 47 
male nonsmokers, of w hom 23 were snulT dippers, 13 
were tobacco chewers, 3 were users of both products, and 
8 were nonusers. The leveis of NNAL-Giuc in urine 
ranged from 0.14~30.3 pniol/nig creatinine with a 
mean ± SD of 3.47 ± 5.86, whereas the levels of NNAL 
ranged from 0.02-8.73 pmol/mg creatinine with a 
mean ± SD of 0.92 ± 1.59. The mean levels of NN.\L- 
Gluc and NN.AL were not significantly difTcrent from 
those measured in a previous study of smokers. The 
levels of N.N.AL-Gluc were significantly higher in snolT 
pers than in tobacco chewers. The ratio of 
i-«NAL-Gluc:N.NAL was higher in snuff dippers than in 
tobacco chewers or smokers. There was no indication of 
two phenotypes of the NNAL-Glue:NNAl- ratio in 
smokeless tobacco users, in contrast to previous 
observations in smokers. Of the 39 smokeless tobacco 
users in this study , 16 presented with oral leukoplakia. 
When the total levels of N.\AL-Gluc. NNAL, or NNAL- 
Gluc + NNAL were divided into tertiles, there was a 
signiHcant association between the presence of 
leukoplakia and increasing levels of these metabolites; a 
similar relationship was found between urinary cotinine 
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and leukoplakia. The results of Ibis study demonstrate 
that there is significant uptake of carcinogenic 
nitrosamines in smokeless tobacco users, and that such 
products are not harmless alternatives to cigarettes. 
Moreover, the urinary biomarkers NNAL-GluC, NN.AL, 
and cotinine were associated with the presence of 
leukoplakia, which provides biochemical support for the 
role of smokeless tobacco products as a cause of oral 
leukoplakia. 

Introduction 

Approximately 5..3 million adults, predominantly males, were us¬ 
ers of smokeless tobacco in the U.S. in 1991. Use was highest in 
young males, American Indians/Ataskan natives, people living in 
the south or rural areas of the L’.S.. and those of low socioeco¬ 
nomic .status fl. 2). There are two main types of smokeless to¬ 
bacco: snuff and chewing tobacco (3l. Snuff is a finely ground 
tobacco product that is piaced in the gingiva! buccal area, a 
practice known as "snuff dipping". Snuff can be moist, dry. or in 
"tea bag" form. Chewing tob.icco consists of tobacco in the fonn 
of loose leaf, plug, or twist. Since the 1970s. snuff dipping ha.s 
enjoyed considerable poputariiy in the U.S. Smokeless tobacco use 
is widely pr acticed in m.atty other parts of the world, most notably 
Scandinavia. India, and other parts of Asi,v (3). 

Smokeless tobacco use, particularly snuff dipping, is an 
accepted cause of oral leukoplakia and oral cancer (4-9). Oral 
leukoplakia, which is considered to be a precursor lesion to oral 
cancer, is a white patch or plaque in the ora! cavity that cannot 
be characterized clinically or pathologically as any other dis¬ 
ease (7|, The most abundant strong carcinogens in smokeless 
tobacco are the tobacco-specific nitrosamines. which form dur¬ 
ing the curing and fermentation of tobacco (10). Substantial 
amount.s of other nitrosamines are also present f f-l). Among the 
tobacco-specific nitrosamines present in smokeless tobacco 
products. NNK’ and N.NN are the strongest carcinogens (12). 
The levels of NNK and NNN in currently available U.S. smoke¬ 
less tobacco products arc typically 1-10 ppm (13. 14j. Tumors 
were induced in the rat oral cavity and lung upon chronic oral 
swabbing of a mixture of NNK and NNN in the same relative 
eonceniralion.v a.v they occur in .snuff fl5j: ora) .swabbing of 
NNK alone induced only lung tumors (16). NNK and NNN in 
combination are likely to play a significam role in the induction 
of oral cancer in humans by smokeless tobacco (17-19). 

Tobacco-specific nitrosamines have been detected in the 
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siiliva of smokeless lobacco users in seseral siudies (20~28). 
These siudies demonstriitcd that the nitrosaiiiincs are extracted 
front the tobacco diirioj ehc« ini; or snuff dipping. Hemoglobin 
adducts of NNN and NNK have been deteeted in the ted blood 
cells of smokeless tobacco users, indicating that these carcin¬ 
ogens tmdergo tneiabolic activation m humans <29-31). How¬ 
ever. relatively iitlie information is available on the urinary 
levels of nitrosamine metabolites in smokeless tobacco users. 
We have developed methodology to quantify two urinary me- 
labsriiies of NNK in humans: NN',\L and .NN,AL-Gluc (Fig. 1; 
Refs. .<2 and 33i. .NNAL, like NNK. is a potent carcinogen m 
rats and mice (34, 35(. NNAL-Gluc is believed to be a detox¬ 
ification product of .N.NK (36. 37). The ratio of NNAL-Gluc; 
N'N.AL in urine has been proposed a.s a potential marker of 
.NNK detoxification (33). In smokers, the levels of urinary 
.NN.AL + .NNAL-Gluc correlate vviih those of urinary cotinine 
and give a good indication of N.NK uptake (.12, 33l, The levels 
of S'.N.AL and NN'AL-Gluc in (he urine of Sudanese snuff 
dippers exposed (o extraordinary amounts of .NNK have been 
quantified (all. 

In this study, we analyzed the urine of a group of snuff 
dippers and tobacco chewers from Ohio for NN.AL and NN.\L- 
Glue. Our major goal was to establish the levels of unnary 
N.N'AL and .N’.N.AL-Gluc excretion as vvell as the N.N.AL-Giuc; 
NN.\L ralio.s in typical smvskele.s.s lobacco users and to compare 
these data lo those that we have obtained previously in smokers. 
We also investigated the relationsinp between the levels of 
urinary NNK metabviliies and coimme and the incidence of oral 
leukoplakia 

Materials and .Methods 

Subjcct.s. This study was approved by the Ohio State L'niver- 
siiy Biomedical Sciences Review- Committee. All subjects 
vtgned consent forms and agreed to donate urme. have an vrral 
cavity exam, and answer questions regarding lohai'co use. diei, 
and medical hisiory-. Male smokeless tvibaceo users and controls 
were recruited through advertisements at the Ohio State Uni¬ 
versity campus and ihe surrounding area. .All subjects were 
iionsmokers. Tobacco chewers and snuff dippers had been 
regular users of smokeless tobacco for a tniniinum of I year. 
Each enrisllee received an oral caviiv e.xannnaljon. 

Collection of Urine. Each panicipant collected 24'h urine 
samples in 3.3 liter amber specimen containers u> which 10 ml 
of 20'^ ammonium sulfamale in 3,6 x H.SOj had been added 
(33). Urine samples were stored at room temperature during the 


24-h collection penod and then were aliquoled into two 4-oz 
amber bottles and one 8-oz amber bottle and were stored at 
-SO'C. Batches of samples were shipped on dry ice to the 
American Health Foundation for analysis. 


.Analysis of Urine. N.N'AL and .NNAL-Gluc were determined 
by gas chroraatogniphy vcuh detection by a nilrosaraine-seiec- 
ijve chemiluminescence detector, the Thermal Energy .Analyzer 
l33), Coiinine was determined by RIA using antisera produced 
in rabbits 138). Creatinine was measured with a Kodak Ek- 
tachetn 5<X) clinical chemistry analyzer. 


Oral Cavity Exam. .An oral pathologist (R. G.) conducted, an 
oral cavity examination on each study panicipant. The exam 
included evaluation of the gross appearance of the lips, oral 
mucosa, palate, tongue, mouth tloor, oropharynx, and teeth. 
General oral hygiene and the presence of gingivitis and leuko¬ 
plakia were also appraised. 

Statistical .Methods. Comparisons of NNAL. NNAL-Gluc. 
the NNAL-G1 uc:NNAL ratio, and cotinine among the groups 
were carried out by ANOVA on log-transformed data. The 
relationship of urinary' biomarkers to the prevalence of leuko- 
pi.ifcia was quantified using logistic regression analysis. St.'ili 
lical significance was set at the 0,05 level, with odds ratios and 
95<J confidence intervals presented (Table 3). Tests for trends 
were performed by the methods of Mantel and Haenszel, using 
the one degree of freedom x~ (39). 


Results 

The study population consisted of nonsmoking males; Ii'*- of 
the participants reported being ex-smokers. The average ages of 
the snuff dippers and chewers were 27 and 25 years, respec¬ 
tively. Ninety-two percent of the subjects were Caucasian. 
Eighty-nine percent of the snuff dippers dipped at least once a 
day. and 509t reponed dipping over four times a day. Among 
the chewers. 50Q reponed chewing 3-6 limes per week, and 
the remaining 50'S reponed chewing more titan once a day. 

The levels of urinary .NN.AL-Gluc and NNAL as well as 
the NNAL-GIuc;NNAL ratios in 39 smokeless tobacco users 
are summarized in Table 1. There was a wide range of NNAL 
and NNAL-Gluc values, which varied more than 400-fold. 
There was over a 20-fold vanaiion In the NN.AL-CluciNNAL 
ratios. When the highest .VN.AL-Gluc;NNAL ratio (.36l was 
excluded, there was a 4.6-foid variation in the N.NaL-GIuc: 
NN.aL ratios. 

Urinary .NNAL and NN.AL-Gluc were also analyzed in-' 
eight Caucasian male control subjects (average age. 31 years) 
w ho did not use tobacco products of any type and had urinary 
cotinine levels of less than .vO ng/ml. Free N.N'AL was not 
detected in these subjects. .N'NaL-GIuc was detected in three 
subject.s. ranging from 0,07-0.13 pmolVmg creatinine. 

The mean levels of NN.AL-Gluc. NNAL. and cotinine as 
well as the NNAL-CluciN'N.AL riiiios in smokeless tobacco 
users, snuff dippers, and chewers are compared to those in 
smokers in Table 2. The data for 61 smokers are from a 
previous study. The levels of NNAL-Gluc and coiinine were 
sisnificanlly higher in snuff dippers and smokers than in chew¬ 
ers. The levels of NNAL-Gluc, NNAL. and cotinine in all 
smokeless tobacco users were not signit'icanily different from 
those m smokers. 

The ratio of N'N.AL-Gluc:NNAL was significantly h'igher 
in snuff dippers than in smokers iP = 0.04). It was also higher 
in snuff dippers than in chewers, but this difference was not 
significant (P = 0.08). There was no significant difference in 
the NNAL-Gluc:NNAL ratio between chewers and smokers or 
between smokeles.s lobacco users and smokers. Frequency plots 
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of the NNAL-G!uc:NNAL ratios for dippers and chcwers are 
iJiustrated in Fig. 2. A and B. These can be compared to a 
frequencs pJot of the NNAL-Gluc;NNAL ratios for smokers, 
illustrated in Fig 2C. Two phenotypes of the NNAL-Giuc: 
NNAL ratio were observed in smokers but were not evident in 
either dippers or chewers 

Sixteen of the ,19 subjects presented with oral leukoplakia. 
Of these. 11 were snuff dippers. 2 were chewers. and reported 
using both product.^. The rclation.ship between the level.t of 
urinars' NNAL-Gluc. .’'•’N.AL. NN.AL-Gluc + NNAL. and eo- 
tinin? and the incidence of oral leukoplakia is summarized in 
Table ,1 The leseL of these metabolites were divided into 
teniles The numbers of subjects with leukoplakia present in¬ 
creased with increasing levels of the meiaboliies in the teniles. 
whereas the reverse was observed in the .subjects with leuko¬ 
plakia absent The.se trends were significant for NNAL-Gluc. 
NNAL. NN.AL-Gluc -t- NNAL. and cotinine. Although the 


number of subjects is small, the po.sitive trend test-s .supptirt the 
presence of a dose response. 

Oiscussion 

This is the first repon describing the levels of N’N.AL and 
NNAL-GIuc in the urine of L'.S. smokeless tobacco users. 
Qecau.se NNAL and N.N.AL-Gluc seem to be quantitative)) 
significant metabolites of NNK. they provide an indication of 
systemic exposure to this carcinogen. The results demimslralc 
that the levels of NNAL and NNAL-Gluc in the urine of 
smokeless tobacco users arc similar to those in smokers. Uri¬ 
nary coiinine levels were also similar in smokeless tobacco 
users and smokers, sueoesiing similar uptake of nicotine in 
these two groups, as noted previously (40. 41 j. These resulps 
indicate that systemic NNK exposure is similar in smokeless 
tobacco users and smokers, although the tissue distribution of 
NNK would likely differ Nevertheless, the results eniphasiae 
the potential hazards of smokeless tobacco use because N’NK is 
a potent carcinogen. 

Based on a mean creatinine excretion of 2.1g/24 h. mean 
NKAL + NNAL-Gluc In urine car.be estimated as approxi¬ 
mately 9 nii)ol/24 h (2 p,g/24 h) in smokele.ss tobacco users. 
This corresponds to the minimum daily uptake of NNK because 
the percentage conversion of N.NK to NNAL NNAL-Gluc is 
not known. 

A potentially importam finding of this study was the 
relationship between the level of NNAL. NS’.AL-GIuc. or co¬ 
iinine in urine and the presence of ora! leukoplakia. Urinary 
biomarkers in the highest teniles resulted in elevated odds 
ratios reflecting a 23- to 33'fold increase in the relative risk of 
leultoplakia. Additionally, the.se data reflect a significant do.se 
response in the relative ri.sk of leukoplakia at increasing levels 
of each urinary metabolite Although our study is sinall. it 
indicates that NN.AL, NNAL-Gluc, and coiinine levels in urine 
may be useful biomarkers for leukoplakia development. Previ¬ 
ous studies have demonstrated a relationship between the dose 
of smokeless tobacco, especially ora! snuff products, and the 
incidence of leukoplakia. In one large study, the prevalence of 
oral leukoplakia among smokeless tobacco users increased with 
the hours used per day and decreased with the time elapsed 
since last u.se (9. 42). The relationship that we have observed is 
consistent with these results, if one considers that NNAL. 
NN.AL-Gluc. and cotinine are biochemical markers of smoke¬ 
less tobacco dose. Only one previous study has aTlcmpted to 
assess the relationship between nicotine metabolites in urine 
and oral leukoplakia in smokeless tobacco users; significant 
associations were not detected (43). The relationship between 
the NNK metabolites NN.AL and NNAL-Gluc and the preva¬ 
lence of oral leukoplakia is biologically plausible because a 
mixture of NNK and the related tobacco-specific niirosamine 
N.N.N induced oral tumors when applied to the mucosa of the rat 
oral cavity (I5l. 

The ratio of NNAL-Giuc;NNAL is a potential biomarker 
of NNK detoxification because N.N'AL-Gluc is a likely detox¬ 
ification product of KNK. whereas NNAL i.s a carcinogen with 
activity similar to that ofN.NK (,^4-37). In a previous study, we 
noted two phenotypes of this ratio in smokers, as inu.straied in 
Fig. 2C (33). The lower phenotype ranged from 0-5, whereas 
the higher phenoiype ranged from 6-11. The latter group would 
presumabiv be at lower risk. So indication of the two pheno¬ 
types was seen in the present stud), The distribution of ratios 
was normal in both snuff dippers and chewers. and there wa,s ni> 
suggestion of a high glucuronidation phenotype. The stud) 
subjects in these two investigations were quite different. The 
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smokers were a blnicial group from Mouni Vernon, Kew York, 
consisting ol' 34 Blacks and 27 Caucasians- approximately 50^ 
mule. 50'Tr iemale. The smokeless tobacco users were predom¬ 
inantly C.iucaMun males from Ohio. In spile of these difler- 
erice.s, the data suggest that the high glucuronidaiion phenoiype. 
which was not obserxed in the present study of nonsniokers. 
may result from the induction of UDP-glucuronosyl transferase 
aciiviij by cigarette smoke. A number of previous studies have 
noted increased levels of drug glucurontdation in heavy 
smokers, w hereas other invesiigaiions have not detected such 
an effect 1,44), 

The mean ratio of NNAL-GIuc;NKAL was higher in snuff 
dippers than in chewers and smokers. The origin of this differ¬ 
ence is unknown- but it could be influenced by a conslitueni of 
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iDmot/m? creatinine) 

£0.45 

0 46 10 0 90 
>0,90 

3(18.8) 

6(37J) 

7(43.8) 

14(6091 

6(26.1) 

3t!3.0) 

13 (1.5-116) 
26 (2.7-254) 

0.008 

NNAL-Oluc'^NNAL 
iDmol/ms creaunme) 

£ 1.0 

1 1 to 3.0 

^.3 0 

1 i6.3) 

6<374i) 

9(56.3) 

9(39.H 

9 (.19.1) 

5)21.7) 

10 <0,8-129) 
35 (2.6-137) 

0,010 

Coiinine 

tnmol/mz Creatinine i 

<4 

4 tu 12 

>12 

] i6.3) 
5(31.3) 
10(62.5) 

13 (56.5) 
6(26.1) 

4 117 4) 

9.8 (0.9-113) 
30 12 9-.7IS1 

0,00t 


■'Age jdiusitfd- CL ..•onfidenve interval 

snuff. Some brands of snuff contain large amounts of additi'- ■ 
such as meihvl and ethyl salicylate, which are associated w 
the "w intergreen tiavor" of snuff (45). In one study, salicylate 
adininistraiion selectively enhanced renal glucuronide conjuga¬ 
tion of phenols in rats (46). 

In sunimars, this study has demon.sirated that the levels of 
NNK metabolites NKAL-Glue and NNAL in the urine of 
smokeless tobacco users are similar to those in .,mokers. There¬ 
fore. sntokeless tobacco cannot be considered a harmless alter¬ 
native to smoking. Moreover, the urinary levels of NN.AL, 
NNAL-Gluc. and cotinine were significantly associated with 
the pre.sence ot oral leukoplakia in smokeless tobacco users, 
strengthening the connection between the use of these products 
and the development of precancerous lesions of the oral cavity. 
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